Introduction 1991) (Wolfner, 2009 ). The Acps may render her unwilling to remate for some 48 time (Chapman, 2001) , induce her to ovulate by stimulating octopaminergic 49 signaling (Frank W. Avila et al., 2012) etc. These effects on the behavior of the 50 mated female are often long lasting (McGlaughon & Wolfner, 2013) , thus ensuring 51 that any eggs laid will be fertilized by that male's sperm. Thus, it is quite possible 52 that in such species, increased sperm competition can select for increased Acp 53 production along with an increase in sperm production, leading to an increase in 54 accessory gland size. 55 Another way for males to increase their chances in sperm competition is to 56 strategically invest the ejaculate. Ejaculate production is costly for males 57 (Dewsbury, 1982) and ejaculate transferred during mating is an important 58 determinant of the outcome of sperm competition (Moller, 1987) . Therefore, one 59 would expect males to plastically vary the amount of ejaculate transferred based on 60 their perception of sperm competition risk. (Bretman et al., 2009) Thus the intensity and risk of sperm competition is expected to be higher in male 72 biased populations. Therefore, altered operational sex ratios can potentially lead to 73 the evolution of sperm competitive ability, ejaculate size and/or gonad size. (Linklater et al., 2007) found that virgin males from the two regimes showed no 75 difference in either testes size or accessory gland size. However, when allowed to 76 mate, males from the male-biased regime depleted their Acps at a much faster rate 77 than the males from the female-biased regime, as measured by the reduction in 78 accessory gland size upon mating. 79 We maintained replicate populations of D. melanogaster under male-biased (M), 80 female-biased (F) and equal (C) sex ratios for over 100 generations. In an earlier 81 study (Nandy et al., 2013) found that males from M populations had evolved 82 increased sperm defense and offense ability compared to the males from F 83 populations. In the present study, address the mechanistic basis of the increased 84 sperm competitive ability of M population males. We specifically ask the 85 following questions- 93 In the present study we used the "M" and "F" populations of D. melanogaster as 94 described in (Nandy et al., 2013) . The selected populations were derived from a To account for any nongenetic parental effects, all the populations are passed 113 through one generation of common rearing conditions during which all the 114 populations are maintained at 1:1 sex ratio. We call this process as 115 "standardization" (For details see Nandy et al., 2013) . The flies for the assays were 116 generated from standardized populations. replicates, 1 LHst). On 10th day after egg collection, adult flies started emerging. 125 We collected M and F males as virgins by isolating them within 6 hours of 126 eclosion, under light CO 2 anesthesia. These males were held in single sex vials, at 127 the density of 8 per vial for 2 days. LHst females were collected and maintained in 128 the similar manner as described above.
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Materials and Methods
Maintenance of population
129
Experimental design 130 We had two sets of mating treatments for the experiment On day 12 post egg were repeated thrice and an average of these three measurements was used as a 160 measure of the area. We measured the right and left testes and accessory glands as 161 mentioned above. We then averaged the areas of the right and left testes (or 162 accessory glands) to get an average testes (or accessory gland) size.
163
Results
164
We calculated the mean testes area and accessory gland area for each fly from the We found no significant effect of selection regime or mating status on testes area 172 (Table 1) . The testes area for the virgin males as well as that of the mated males 173 were not significantly different from each other. (Figure 6 ). Taken together, these 174 results indicate that neither selection history nor immediate mating status affect 175 testes size. 176 We did not find any significant effect of selection on accessory gland area as well.
177
( Table 2) . Mating status had a significant effect on accessory gland size. Mated 178 males from both M and F regime had significantly smaller accessory gland area as 179 compared to virgin males (Figure 7) . However, we did not find any significant selection. An alternative explanation is that may be absolute sperm number is more 200 important in Scatophaga stercoraria than in D. melanogaster (Parker, 1970b) .Also,
201
These results are consistent with those of previous studies in D. melanogaster 202 (Bhangam et al., 2002 ) (Linklater et al., 2007 .
203
In case of Drosophila melanogaster, accessory gland proteins play a major role in 204 determining the outcome of sperm competition (Frank W. Avila et al., 2012) . 205 Therefore, besides testis size (as in Hosken & Ward, 2001) accessory gland size 206 may also evolve in response to increased sperm competition. We did not find any 207 significant difference between the standardized accessory gland area of virgin M 208 and F males, suggesting that investment in accessory glands has also not evolved 209 under different levels of sperm competition. This also is in accordance with the 210 similar previous study by (Linklater et al., 2007) .
211
As mentioned before, another way of evolution under increased sperm competition 212 is increased ejaculate investment in mating. This was measured by reduction in 213 testis and/or accessory gland. We did not find any significant reduction in testis 214 size upon mating. Accessory gland size was affected by mating, with the accessory 215 gland size of mated males being significantly smaller than that of the virgin males.
216
But, the change is accessory gland size after a single mating was not significantly 217 different across selection regimes. Thus, it is unlikely that the amount of Acps 218 transferred by M and F males in a single mating is significantly different. This 219 result is in contrast to that of a previous study in which, males from the male 220 biased (MB) populations showed a faster Acp depletion pattern compared to males 221 from female biased (FB) populations (Linklater et al., 2007) . They found that testis 222 size decrease as well upon mating, albeit not differently between MB and FB & Parker, G. A., 2007) . With the valid assumption that M 236 males have fewer mating opportunities than F males, it was therefore possible that 237 an M male would transfer more ejaculate as and when it has an opportunity to 238 mate. Thus our study"s primary goal was to assess whether increased sperm 239 competitive ability in M males were connected to increased depletion of sperm 240 and/or accessory gland proteins.
241
One possibility as to why there is no difference in size or depletion of two of the 242 major reproductive organs is that rather than their total quantity, the quality of al., 2013) found that the females mated (just once) to F males laid significantly 251 more number of eggs compared to females mated to M males. It is very likely that 252 the effect of M and F males on female fecundity is mediated through differences in 253 the quality of the ejaculate, particularly, the Acps, e.g., ovulin or sex peptide. It"s 254 also possible that relative titre of specific ACPs have changed instead of total 255 quantity, a hypothesis that needs further attention.
256
In conclusion, our study indicates that an evolutionary change in sperm 257 competitive environment does not always necessitate either a change in investment 258 in reproductive tissue or a change in ejaculate quantity or depletion. We propose 259 that when it comes to sperm competition quality can be as important (if not more) 260 quantity, which needs to be given more attention. 
261
